Abstract-In this paper we compare two captured databases which contain local acceleration and angle information recorded during the signing process. Approximately a year passed between the capturing of the two databases and they contain several signatures from the same writers. We analyze the expedience of the proposed devices and examine the overlap of the databases using Legendre approximation for feature computation and Support Vector Machine for classification. In addition we plan to make the concerned databases publicly available for research purposes.
I. INTRODUCTION
Nowadays with the spread of the electronic devices handwriting seems to lose some importance. However the usage of the handwritten signature still plays an important role as an identification method in everyday life, in business, at banks, or in contract validation. Thus handwritten signature verification is still a widely studied research area.
We can distinguish two type of signature verification. Offline signature verification uses only the static image of the signature for verifying signatures, while online signature verification uses dynamic information related to the signature writing process (e.g., speed, velocity, and angle information).
The motivation for this study is to compare the expedience of two easy to use and cheap devices for online signature verification and to use state-of-the-art feature extraction. Both devices are ballpoint pens with a sensor attached. One of them measures pen acceleration with an accelerometer, while the other sensor is a gyroscope that measures pen angular momentum. In this paper, we show how Legendre approximation and the SVM classifier performs on our two databases and compare their performance on the two recorded databases.
The rest of this paper is organized as follows. Following an overview of the area in the second section we describe two devices for capturing signatures. In Section III we describe about the databases created with these tools. Finally, we present brief results of parallel investigations we performed using both databases.
II. RELATED WORK
In the past few years the most widely used devices in online signature verification have been tablets and PDAs. Wacom tablets appear in many studies (see [8] , [11] , [21] ) and are often used in everyday life as well to capture signature data, although it is sometimes not easy to use them due to differences in the natural writing process. In everyday life it is not usual to write with a small pen on a surface, but rather on a paper with an ordinary pen. Thus signature data captured by tablets may not show the proper dynamics of the signing process.
Other types of hardware -different types of pens -have been invented as well. Accelerometric pens were first used by Herbst and Liu [7] (1977), Plamondon and Brault [15] , [16] (1983), Baron and Plamondon [1] (1989). In 2001 Rohlik et al. [17] and Mautner et al. [13] developed a device to measure 2-axis accelerations. Bashir and Kempf [2] used a Novel Pen Device for handwriting recognition. Recently Shastry et al. [18] presented an ordinary pen with sensors attached for signature verification that has a tri-axial accelerometer and two gyroscopes. In another study Malik et al. [12] presented a framework for Digital Pen Applications where the online data was collected using an Anoto digital pen 1 . Different types of approximations have been successfully used in several different research field [5] , [9] , [22] . Due to that each signature data is large (depending on the number of dynamic feature and the sample rate), an efficient feature extraction can reduce the amount of data, decrease the differences between signatures from the same author and thus hopefully improve the verification performance as well. In [14] it was shown, the Legendre approximation combined with Support Vector Machine (SVM) and Random Forest (RF) classifiers can outperform earlier methods on the SigComp2011 database, hence we want to apply the proposed method on our databases and use it for comparison.
III. HARDWARE
We used two ball point pens with different types of attached sensors to measure different dynamical features of the handwriting during the signing process.
First we used a ballpont pen with a tri-axial accelerometer which was attached close to the tip of the pen (see Figure  1 ). We used the LIS352AX accelerometer chip because of its signal range, high accuracy, impressively low noise, and ease of use. The maximal possible sample rate is 1000Hz. The properties of the equipment is detailed in [3] . Note that originally the equipment was developed for educational purposes as described in [10] and our idea was to apply it in online signature verification. For comparison issues and to get to know the properties we decided to try other sensors as well. Therefore we replaced the accelerometer with a 2-axis gyroscope to measure the angular momentum of the pen during the signing. We used a low-power and dual-axis LPR530AL gyroscope sensor which measures angular velocity along x and y axis. This sensor provides high resolution, has full scale of ±300
• /s, and capable of detecting rates up to 140 Hz. Due to the size of this circuit board we could not attach the gyroscope to the tip of the pen (see Figure 2) . We choose the middle part of the ball point pen so it is less inconvenient for the writer during writing. 
A. Acceleration
The complete description of the AccSigDb2011 database can be found in [3] . It was recorded between January and March of 2011 and contains 600 signatures from 40 authors. Each of them contributed 10 genuine signature and 5 forged signature of a selected author in the following way: the contributors could choose which author/signature they are willing to forge and after some practising the forgeries were recorded.
During the examination we reduced the 3-dimensional signals to 1-dimensional ones [3] .
Afterwards the database was extended, see the details in [6] , and the extended database contains 300 additional signatures. We asked 20 authors who contributed to the first version of the database and repeated the same process with them (10 genuine, 5 forged signature per person) between April and May of 2011. This extension provided an opportunity to examine the similarities between signatures from the same author captured in two recording periods. Figure 3 shows the reduced signals of four signatures which belong to the same author.
B. Angular momentum
We used similar recording process to the previous one, however we used gyroscope attached to the ballpont pen instead of the accelerometer. The sample rate during the signature recording was 100Hz.
In this paper we refer to this database as GyroSigDb2012. 21 authors contributed to the GyroSigDb2012, each of them contributed ten signatures except one who gave 50 signature samples. Skilled forgeries were recorded from four of them as well, but due to the small number of forgeries, we disregard these signatures. Figure 4 shows two signatures from the same author as mentioned above. It shows the output voltage of the gyroscope directly. Each row belongs to one signature, the first column (left) shows the signal along the x-axis, the second (right) shows the signal along the y-axis.
C. Overlap
This study we decided to use only the overlapping part of the two databases for comparison. Several authors contributed to both databases. This overlap represents 10 authors and 300 signatures: 20 signatures per author from the AccSigDb and 10 signatures per authors from the GyroSigDb.
V. COMPARISON

A. Legendre approximation for feature extraction
Several feature extraction methods have been used in signature verification in the last few decades. Verification methods are based on local or global features. Local features are calculated for each point of the time sequence, global features characterize the whole signature.
If global features are used, the length of the feature vectors are fixed, regardless of the length of the signature writing process. Since the same author does not sign in the same amount of time, thus if we can represent properly each signature globally with a fixed length of vector, it can reduce the differences between the signature of the same author. Moreover, the signatures with fixed length-representation are easier to compare and they are requied for some biometric applications [19] , [20] .
We varied the order of the Legendre polinomial from N = 1 to 40 in order to examine which order performs the best. Every signature in the AccSigDb2011 can be represented with [14] . Thus we calculated for each signature the Legendre polinomial with order N for axes x and y, respectively, and concatenated the coefficient vectors of the polinomials, so the feature vectors in these case have length of 2N .
B. SVM classifier for classification
For classification the Support Vector Machine (SVM) classifier was used with radial basis function (RBF). The parameters of the classifier were tuned automatically during the training phase by the Library for Support Vector Machines (libsvm), see [4] . Scaling was used before the testing and training as well. Half of the signatures were used for training purposes and we tested the classifier on the pther half of the overlapping part of the databases.
First we considered every possible pairing of the authors and used two-class SVM classifier with RBF. The accuracy of the classification can be seen in Table I . Beside this we used SVM classifier with every signature of the 10 authors mentioned above to see how SVM can separate the signatures of the 10 authors from each other into ten classes. The accuracy of the classification can be seen in Table II (i.e. the percent of correctly classified signatures). Table I and II show the values of the accuracies depending on the order of the Legendre polinomials. We varied the order N from 1 to 40.
VI. RESULTS
Considering the binary classification of the signatures, the average accuracy is around 85%-89% in AccSigDb2011 and weakly dependent on the order of the polinomials. Contrarily in GyroSigDb2012 the accuracy is always less than in AccSigDb2011 and it is decreasing if the order of the polinomials are greater than 15 (see Figure 5) . If the order of the polinomials are greater than 30, the accuracy decreases significantly on the GyroSigDb2012.
While using multiclass classification the accuracy is much lower than in previous case since we have more classes. In this case the proposed method results higher accuracy for GyroSigDb2012 compared to AccSigDb2011. It is around 50% if the order of the Legendre polinomials order is less than 20, while it is just around 35-40% on the AccSigDb2011 (see Figure 6 ).
VII. CONCLUSION AND FUTURE WORK
In this paper we examined 300 signatures of 10 authors. We built two databases where the first one is based on accelerometer, while the second one is based on the data captured by a gyroscope sensor. We can conclude that both sensors can be applied in signature verification. We used Legendre approximation as a feature extraction method and Support Vector Machines as a classifier to compare the different features from two aspects. Above order of 20, higher order does not yield better accuracy, thus we it is not necessary to increase the order of the polinomials from a certain point.
In order to get more insights in the analysis of the behavior of these two types of signals, we plan to extend the databases both in number of the contributors and number of the forged signatures. Furthermore, we want to apply other approximation and classification methods as well.
